DEVICE, METHOD AND RECORD MEDIUM FOR VIDEO DECODING 
CAPABLE OF CONDUCTING ERROR DETECTION PROCESS 



video decoding method for decoding a coded video signal, and in particular, 
to a video decoding device and a video decoding method capable of 
5 reducing the deterioration of video data even when the coded video signal 
have been transferred through a communication line of low line quality. 
Description of the Related Art 

When a coded video signal is transferred through a transmission 
line of low line quality, the quality of a video signal which is obtained by 



3.0 decoding the coded video signal becomes lower than the original video 
Ji; signal due to errors occurring in the signal transfer. 

5 For the elimination of the video signal deterioration, an error 

ru detection process (for detecting and determining points in the video signal 
U to which errors have occurred) and a concealment process (for correcting 
3.5 pixel values at the error points and thereby concealing the errors) become 
necessary. 

As methods for the error detection process, two methods are widely 
known. In a first error detection method, the error is detected based on 
the video decoding status or based on the decoded video data. In a 
20 second error detection method, error detection code (code for the error 
detection) is preliminarily included in the coded video signal to be 
transferred, and the error detection is executed by a device at the 
receiving end by use of the error detection code. 



25 device which executes the video decoding employing the first error 
detection method. Referring to Fig.l, the video decoding device includes 



AND CONCEALMENT PROCESS EFFECTIVELY 



BACKGROUND OF THE INVENTION 



The present invention relates to a video decoding device and a 



Fig.l is a block diagram showing a conventional video decoding 





a packet partitioning section 201, a video decoding section 202, an invalid 
block judgment section 203 and a first invalid block concealment section 
204. The video decoding section 202 includes a block data decoding 
section 205, a frame memory 206 and a second invalid block concealment 
5 section 207. 

The packet partitioning section 201 of the video decoding device 
receives a coded video signal (input signal) 2000. The coded video signal 
2000 is transferred to the packet partitioning section 201 in the form of a 
packet (TCP (Transmission Control Protocol) packet, UDP (User 
10 Datagram Protocol) packet, ATM (Asynchronous Transfer Mode) cell, etc.) 
containing a plurality of (10, for example) coded block data (coded block 
yp data units). Each of the coded block data units has been generated by a 
jj* video encoding device by encoding a pixel block (i.e. an encoding unit of 
Jr. the video signal) of a frame (frame image). The packet partitioning 

S]15 section 201 which received the coded video signal 2000 (packet) partitions 

fji 

s the packet into a plurality of coded block data units 2001 and sends the 
fy coded block data units 2001 to the block data decoding section 205 of the 
LI video decoding section 202. 

S The block data decoding section 205 which received the coded block 

20 data units 2001 decodes the coded block data units 2001 and stores the 
result of decoding (block data (block data units) 2002) in the frame 
memory 206. 

When the video decoding for a block is impossible due to errors or 
when a coded block data unit 2001 for a block can not be obtained since a 

25 packet containing the coded block data unit 2001 does not reach, the 
second invalid block concealment section 207 obtains an appropriate 
(decoded) block data unit of a previous frame (previous block data unit 
2005) which has been stored in the frame memory 206 and uses the 
obtained block data unit as a corrected block data unit. 

30 The invalid block judgment section 203 judges whether or not each 



block (block data unit) of a frame (frame image) which has been stored in 
the frame memory 206 is an invalid block which has been decoded 
erroneously, and sends the judgment result 2008 to the first invalid block 
concealment section 204. 



data for the block (that has been judged by the invalid block judgment 
section 203 as an invalid block) based on block data units of blocks around 
the invalid block or based on a block data unit of an appropriate block in 
the previous frame, and sends the calculated block data unit 2010 to the 

10 frame memory 206. 

By the above operation, decoded video data 2011, which has been 

) obtained by the decoding process of the block data decoding section 205 



42 and the concealment processes of the first invalid block concealment 
ih section 204 and the second invalid block concealment section 207, is 
r=15 outputted from the video decoding section 202. 

f Fig.2 is a block diagram showing a conventional video decoding 

PJ device which executes video decoding employing the second error 
\2 detection method. Referring to Fig.2, the video decoding device includes 
g an error detection section 301, a packet partitioning section 302, 
20 a video decoding section 303 and an invalid block concealment section 304. 
The video decoding section 303 includes a block data decoding section 305 
and a frame memory 306. 

The coded video signal (input signal) 3000 which is supplied to the 
error detection section 301 in the form of a packet includes error detection 
25 code such as CRC (Cyclic Redundancy Check). The error detection 
section 301 judges whether an error has occurred to each packet or not by 
use of the error detection code contained in the packet, and sends a 
judgment signal 3002 (indicating the result of the judgment) and the 
packet 3001 (from which the error detection code has been removed) to 
30 the packet partitioning section 302. 



5 



The first invalid block concealment section 204 calculates block 
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The packet partitioning section 302 partitions the packet 3001 into 
blocks (coded block data units 3003). With regard to a packet to which 
the error has occurred, the packet partitioning section 302 informs the 
invalid block concealment section 304 about addresses of blocks 
corresponding to the packet by sending an address signal 3004 to the 
invalid block concealment section 304. 

The block data decoding section 305 of the video decoding section 
303 conducts decoding with regard to coded block data units 3003 that are 
normal, and stores the decoded block data units (block data units 3005) in 
the frame memory 306. 

The invalid block concealment section 304 refers to the invalid 
block addresses 3004 supplied from the packet partitioning section 302, 
and calculates corrected values for each invalid block (that is, a block to 
which an error might have occurred) based on block data units of blocks 
around the invalid block or based on a block data unit of an appropriate 
block in the previous frame, and sends the calculated block data unit 3008 
to the frame memory 306. 

By the above operation, decoded video data 3009, which has been 
obtained by the decoding process of the block data decoding section 305 
and the concealment processes of the invalid block concealment section 
304, is outputted from the video decoding section 303. 

However, in the conventional video decoding device of Fig. 1 which 
executes the video decoding employing the first error detection method, 
the invalid block judgment section 203 has to conduct the judgment for all 
the decoded blocks solely, therefore, erroneous judgment can occur in the 
judgment process with regard to blocks which have been decoded 
normally. Concretely, the invalid block judgment section 203 conducts 
the judgment by comparing pixel values on the edge of the block with 
pixel values of adjacent blocks, therefore, the judgment might be made 
erroneously when an outline (where the pixel value changes steeply) 




overlapped the edge of the block. Therefore, in the case of the 
conventional video decoding device of Fig. 1, misjudgment tends to occur 
in the judgment which is solely conducted by the invalid block judgment 
section 203 by use of the pixel values. Further, the load on the invalid 
5 block judgment section 203, which is required enormous throughput, is 
necessitated to be very heavy. 

In the conventional video decoding device of Fig. 2 which executes 
the video decoding employing the second error detection method, the 
concealment process is conducted to all the blocks contained in the packet 
10 to which an error has been occurred. Therefore, as the length of the 
^ packet is made longer, the possibility of wasteful concealment processes 
y3 for normal blocks increases. On the other hand, if the length of the 
£ packet is made shorter, the ratio of the error detection code in the packet 
increases and thereby the coding efficiency is necessitated to be low. 



1 provide an image decoding device and an image decoding method, by 
Sj which the detection of error points of the video signal and the 
20 concealment process can be conducted effectively and efficiently and 
thereby the deterioration of the video signal can be prevented even when 
the coded video signal is transferred through a transmission line of low 
line quality. 



25 is provided a video decoding device for decoding a coded video signal 
which is supplied to the video decoding device as packets each of which 
containing a plurality of coded block data units which have been 
generated by encoding blocks each of which is composed of a 
predetermined number of pixels of a frame of a video signal. The video 

30 decoding device comprises an error detection means, a packet partitioning 
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SUMMARY OF THE INVENTION 



It is therefore the primary object of the present invention to 



In accordance with a first aspect of the present invention, there 




means, a video decoding means, a first invalid block judgment means and 
a first invalid block concealment means. The error detection means 
judges whether or not an error has occurred to each of the packets and 
outputs a judgment signal indicating the result of the judgment. The 
5 packet partitioning means partitions the packet after the error detection 
by the error detection means into the coded block data units, while 
outputting an address signal indicating addresses of blocks that have 
been contained in the packets to which the errors have occurred. The 
video decoding means successively decodes the coded block data units and 
10 outputs a decoded video signal containing block data units obtained by 
^ the decoding of the coded block data units. The first invalid block 
y3 judgment means judges whether or not each of the block data units 
j: corresponding to the addresses indicated by the address signal from the 
p packet partitioning means is an invalid block which has been decoded 
f f 15 abnormally, based on pixel values of adjacent blocks. The first invalid 
f block concealment means conducts a concealment process with regard to 

FU the block data units that have been judged by the first invalid block 

fy 

judgment means as invalid blocks, 
g In accordance with a second aspect of the present invention, in 

20 the first aspect, the error detection means conducts the judgment for each 
packet by use of error detection code which has been contained in the 
packet. 

In accordance with a third aspect of the present invention, in the 
first aspect, the first invalid block judgment means includes a judgment 

25 value calculation means, a first comparison means, a flag storage means 
and a second comparison means. The judgment value calculation means 
calculates a judgment value concerning pixel value variation with regard 
to each pixel in the block designated by the address signal from the 
packet partitioning means, by referring to pixel values of the designated 

30 block and/or pixel values of adjacent blocks. The first comparison means 

i 
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successively compares the judgment value with regard to each pixel 
calculated by the judgment value calculation means with a first threshold 
value and successively outputs a comparison result signal with regard to 
each pixel. The flag storage means stores a flag which is incremented 
5 depending on the comparison result signal with regard to each pixel. 
The second comparison means compares the value of the flag with a 
second threshold value. 

In accordance with a fourth aspect of the present invention, in 
the first aspect, the first invalid block concealment means conducts the 
10 concealment process by means of an intra-frame concealment process in 
_ which pixel values of the block data unit is corrected by use of pixel values 
%0 of adjacent blocks in the current frame. 

£ In accordance with a fifth aspect of the present invention, in the 

C first aspect, the first invalid block concealment means conducts the 
fj%5 concealment process by means of an inter-frame concealment process in 
£ which pixel values of the block data unit is corrected by use of pixel values 
pj of an appropriate block data unit of the previous frame. 

In accordance with a sixth aspect of the present invention, in the 
S first aspect, the video decoding device is applied to cases where the 
20 packets are TCP (Transmission Control Protocol) packets, UDP (User 
Datagram Protocol) packets or ATM (Asynchronous Transfer Mode) cells. 

In accordance with a seventh aspect of the present invention, in 
the first aspect, the video decoding means includes a frame memory 
means, a block data decoding means and a second invalid block 
25 concealment means. The frame memory means stores the block data 
units of previously decoded frames and the block data units of a currently 
decoded frame. The block data decoding means successively decodes the 
coded block data units and outputs the block data units obtained by the 
decoding of the coded block data units, while outputting an address signal 
30 indicating addresses of blocks which could not be decoded normally due to 

<3 



errors contained in the coded block data. The second invalid block 
concealment means conducts a concealment process with regard to the 
block data units corresponding to the addresses indicated by the address 
signal from the block data decoding means. 
5 In accordance with an eighth aspect of the present invention, in 

the seventh aspect, the block data decoding means conducts the decoding 
of the coded block data units by use of block data units of the previous 
frame which have been stored in the frame memory means. 

In accordance with a ninth aspect of the present invention, in the 
10 seventh aspect, the second invalid block concealment means conducts the 
— concealment process by means of the intra-franie concealment process. 
*8 In accordance with a tenth aspect of the present invention, in the 

£ seventh aspect, the second invalid block concealment means conducts the 
p concealment process by means of the inter-frame concealment process. 
fA5 In accordance with an eleventh aspect of the present invention, 

^ in the first aspect, the video decoding means includes a frame memory 

QJ means, a block data decoding means, a second invalid block concealment 

FU 

H= means, a second invalid block judgment means and a third invalid block 
p concealment means. The frame memory means stores the block data 

20 units of previously decoded frames and the block data units of a currently 
decoded frame. The block data decoding means successively decodes the 
coded block data units and outputs the block data units obtained by the 
decoding of the coded block data units, while outputting an address signal 
indicating addresses of blocks which could not be decoded normally due to 

25 errors contained in the coded block data. The second invalid block 
concealment means conducts a concealment process with regard to the 
block data units corresponding to the addresses indicated by the address 
signal from the block data decoding means. The second invalid block 
judgment means judges whether or not each block data unit obtained by 

30 the concealment process of the second invalid block concealment means is 




an invalid block whose pixel values are inadequate, based on pixel values 
of adjacent blocks. The third invalid block concealment means conducts 
a concealment process with regard to the block data units which have 
been judged by the second invalid block judgment means as invalid 
5 blocks. 

In accordance with a twelfth aspect of the present invention, in 
the eleventh aspect, the block data decoding means conducts the decoding 
of the coded block data units by use of block data units of the previous 
frame which have been stored in the frame memory means. 
10 In accordance with a thirteenth aspect of the present invention, 

in the eleventh aspect, the second invalid block judgment means includes 
Jj a judgment value calculation means, a first comparison means, a flag 
storage means and a second comparison means. The judgment value 
q calculation means calculates a judgment value concerning pixel value 
Hj-5 variation with regard to each pixel in the block designated by the address 
a signal from the packet partitioning means, by referring to pixel values of 
fU the designated block and/or pixel values of adjacent blocks. The first 
LI comparison means successively compares the judgment value with regard 
S{ to each pixel calculated by the judgment value calculation means with a 
20 first threshold value and successively outputs a comparison result signal 
with regard to each pixel. The flag storage means stores a flag which is 
incremented depending on the comparison result signal with regard to 
each pixel. The second comparison means compares the value of the flag 
with a second threshold value. 
25 In accordance with a fourteenth aspect of the present invention, 

in the eleventh aspect, the second invalid block concealment means 
conducts the concealment process by means of the inter-frame 
concealment process, and the third invalid block concealment means 
conducts the concealment process by means of the intra-frame 
30 concealment process. 
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In accordance with a fifteenth aspect of the present invention, 



there is provided a video decoding device for decoding a coded video signal 
which is supplied to the video decoding device as packets each of which 
containing a plurality of coded block data units which have been 
5 generated by encoding blocks each of which is composed of a 
predetermined number of pixels of a frame of a video signal. The video 
decoding device comprises an error detection means, a packet partitioning 
means and a video decoding means. The error detection means judges 
whether or not an error has occurred to each of the packets and outputs a 
10 judgment signal indicating the result of the judgment. The packet 
partitioning means partitions the packet after the error detection by the 
yQ error detection means into the coded block data units, while outputting an 
4* address signal indicating addresses of blocks that have been contained in 
=i the packets to which the errors have occurred. The video decoding 
fA5 means successively decodes the coded block data units and outputs a 
E decoded video signal containing block data units obtained by the decoding 
[U of the coded block data units. The video decoding means includes a 
\2 frame memory means, a block data decoding means, a second invalid 
S block concealment means, a second invalid block judgment means and a 



20 third invalid block concealment means. The a frame memory means 
stores the block data units of previously decoded frames and the block 
data units of a currently decoded frame. The block data decoding means 
successively decodes the coded block data units and outputs the block 
data units obtained by the decoding of the coded block data units, while 

25 outputting an address signal indicating addresses of blocks which could 
not be decoded normally due to errors contained in the coded block data. 
The second invalid block concealment means conducts a concealment 
process with regard to the block data units corresponding to the addresses 
indicated by the address signal from the block data decoding means. 

30 The second invalid block judgment means judges whether or not each 
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block data unit obtained by the concealment process of the second invalid 
block concealment means is an invalid block whose pixel values are 
inadequate, based on pixel values of adjacent blocks. The third invalid 
block concealment means conducts a concealment process with regard to 
5 the block data units which have been judged by the second invalid block 
judgment means as invalid blocks. 

In accordance with a sixteenth aspect of the present invention, in 
the fifteenth aspect, the error detection means conducts the judgment for 
each packet by use of error detection code which has been contained in the 
10 packet. 

^ In accordance with a seventeenth aspect of the present invention, 

==0 in the fifteenth aspect, the block data decoding means conducts the 
£ decoding of the coded block data units by use of block data units of the 
jh previous frame which have been stored in the frame memory means. 
Hi5 In accordance with an eighteenth aspect of the present invention, 

; in the fifteenth aspect, the second invalid block judgment means includes 
PJ a judgment value calculation means, a first comparison means, a flag 
jj storage means and a second comparison means. The judgment value 
g calculation means calculates a judgment value concerning pixel value 
20 variation with regard to each pixel in the block designated by the address 
signal from the packet partitioning means, by referring to pixel values of 
the designated block and/or pixel values of adjacent blocks. The first 
comparison means successively compares the judgment value with regard 
to each pixel calculated by the judgment value calculation means with a 
25 first threshold value and successively outputs a comparison result signal 
with regard to each pixel. The flag storage means stores a flag which is 
incremented depending on the comparison result signal with regard to 
each pixel. The second comparison means compares the value of the flag 
with a second threshold value. 
30 In accordance with a nineteenth aspect of the present invention, 




in the fifteenth aspect, the second invalid block concealment means 
conducts the concealment process by means of the inter-frame 
concealment process, and the third invalid block concealment means 
conducts the concealment process by means of the intra-frame 
5 concealment process. 

In accordance with a twentieth aspect of the present invention, 
in the fifteenth aspect, the video decoding device is applied to cases where 
the packets are TCP packets, UDP packets or ATM cells. 

In accordance with a twenty-first aspect of the present invention, 
10 there is provided a video decoding method for decoding a coded video 
signal which is supplied as packets each of which containing a plurality of 
J3 coded block data units which have been generated by encoding blocks 
£ each of which is composed of a predetermined number of pixels of a frame 
q of a video signal. The video decoding method comprises an error 
^15 detection step, a packet partitioning step, a video decoding step, a first 
5 invalid block judgment step and a first invalid block concealment step, 
fy In the error detection step, whether or not an error has occurred to each of 
yi the packets is judged and a judgment signal indicating the result of the 
p. judgment is generated. In the packet partitioning step, the packet after 
20 the error detection of the error detection step is partitioned into the coded 
block data units, while an address signal, indicating addresses of blocks 
that have been contained in the packets to which the errors have occurred, 
is generated. In the video decoding step, the coded block data units are 
successively decoded in order to generate a decoded video signal 
25 containing block data units obtained by the decoding of the coded block 
data units. In the first invalid block judgment step, it is judged whether 
or not each of the block data units corresponding to the addresses 
indicated by the address signal generated in the packet partitioning step 
is an invalid block which has been decoded abnormally, based on pixel 
30 values of adjacent blocks. In the first invalid block concealment step, a 

\2> 
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concealment process is conducted for the block data units that have been 
judged in the first invalid block judgment step as invalid blocks. 

In accordance with a twenty-second aspect of the present 
invention, in the twenty-first aspect, in the error detection step, the 
judgment for each packet is conducted by use of error detection code 
which has been contained in the packet. 

In accordance with a twenty-third aspect of the present invention, 
in the twenty-first aspect, the first invalid block judgment step includes a 
judgment value calculation step, a first comparison step, a flag increment 
step and a second comparison step. In the judgment value calculation 
step, a judgment value concerning pixel value variation is calculated with 
regard to each pixel in the block designated by the address signal 
generated in the packet partitioning step, by referring to pixel values of 
the designated block and/or pixel values of adjacent blocks. In the first 
comparison step, the judgment value with regard to each pixel calculated 
in the judgment value calculation step is successively compared with a 
first threshold value, and a comparison result signal with regard to each 
pixel is successively generated. In the flag increment step, a flag which 
is stored in a flag storage means is successively incremented depending 
on the comparison result signal with regard to each pixel. In the second 
comparison step, the value of the flag is compared with a second threshold 
value. 

In accordance with a twenty-fourth aspect of the present 
invention, in the twenty-first aspect, in the first invalid block 
concealment step, the concealment process is conducted by means of the 
intra-frame concealment process. 

In accordance with a twenty-fifth aspect of the present invention, 
in the twenty-first aspect, in the first invalid block concealment step, the 
concealment process is conducted by means of the inter-frame 
concealment process. 
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In accordance with a twenty-sixth aspect of the present invention, 



in the twenty-first aspect, the video decoding method is applied to cases 
where the packets are TCP packets, UDP packets or ATM cells. 



5 invention, in the twenty-first aspect, the video decoding step includes a 
frame memory storage step, a block data decoding step and a second 
invalid block concealment step. In the frame memory storage step, the 
block data units of previously decoded frames and the block data units of 
a currently decoded frame are stored in a frame memory means. In the 
10 block data decoding step, the coded block data units are successively 
decoded and thereby the block data units as the result of the decoding are 

Jj obtained, while an address signal, indicating addresses of blocks which 
could not be decoded normally due to errors contained in the coded block 

q data, is generated. In the second invalid block concealment step, a 

FT* 

fli5 concealment process is conducted for the block data units corresponding 
f to the addresses indicated by the address signal generated in the block 

a 

[U data decoding step. 

U In accordance with a twenty-eighth aspect of the present 

5 invention, in the twenty-seventh aspect, in the block data decoding step, 
20 the decoding of the coded block data units is conducted by use of block 

data units of the previous frame which have been stored in the frame 

memory means. 

In accordance with a twenty-ninth aspect of the present 
invention, in the twenty-seventh aspect, in the second invalid block 
25 concealment step, the concealment process is conducted by means of the 
intra-frame concealment process. 

In accordance with a thirtieth aspect of the present invention, in 
the twenty-seventh aspect, in the second invalid block concealment step, 
the concealment process is conducted by means of the inter-frame 
30 concealment process. 



In accordance with a twenty-seventh aspect of the present 
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In accordance with a thirty-first aspect of the present invention, 
in the twenty-first aspect, the video decoding step includes a frame 
memory storage step, a block data decoding step, a second invalid block 
concealment step, a second invalid block judgment step and a third 
5 invalid block concealment step. In the frame memory storage step, the 
block data units of previously decoded frames and the block data units of 
a currently decoded frame are stored in a frame memory means. In the 
block data decoding step, the coded block data units are successively 
decoded and thereby the block data units as the result of the decoding are 
10 obtained, while an address signal, indicating addresses of blocks which 
could not be decoded normally due to errors contained in the coded block 
data, is generated. In the second invalid block concealment step, a 
£ concealment process is conducted for the block data units corresponding 
p to the addresses indicated by the address signal generated in the block 
fA5 data decoding step. In the second invalid block judgment step, it is 
: judged whether or not each block data unit obtained by the concealment 

fU process in the second invalid block concealment step is an invalid block 

n \ 

u* whose pixel values are inadequate, based on pixel values of adjacent 
S blocks. In the third invalid block concealment step, a concealment 
20 process is conducted for the block data units which have been judged in 
the second invalid block judgment step as invalid blocks. 

In accordance with a thirty-second aspect of the present 
invention, in the thirty-first aspect, in the block data decoding step, the 
decoding of the coded block data units is conducted by use of block data 
25 units of the previous frame which have been stored in the frame memory 
means. 

In accordance with a thirty-third aspect of the present invention, 
in the thirty-first aspect, the second invalid block judgment step includes 
a judgment value calculation step, a first comparison step, a flag 
30 increment step and a second comparison step. In the judgment value 



calculation step, a judgment value concerning pixel value variation is 
calculated with regard to each pixel in the block designated by the 
address signal generated in the packet partitioning step, by referring to 
pixel values of the designated block and/or pixel values of adjacent blocks. 
5 In the first comparison step, the judgment value with regard to each pixel 
calculated in the judgment value calculation step is successively 
compared with a first threshold value, and a comparison result signal 
with regard to each pixel is successively generated. In the flag 
increment step, a flag which is stored in a flag storage means is 
10 successively incremented depending on the comparison result signal with 

^ regard to each pixel. In the second comparison step, the value of the flag 

%J 

is compared with a second threshold value. 
£: In accordance with a thirty-fourth aspect of the present 

3 5 

« invention, in the thirty-first aspect, the concealment process in the second 

HjL5 invalid block concealment step is conducted by means of the inter-frame 

y i 

f concealment process, and the concealment process in the third invalid 
[U block concealment step is conducted by means of the intra-frame 
M concealment process. 

S In accordance with a thirty-fifth aspect of the present invention, 

20 there is provided a video decoding method for decoding a coded video 
signal which is supplied as packets each of which containing a plurality of 
coded block data units which have been generated by encoding blocks 
each of which is composed of a predetermined number of pixels of a frame 
of a video signal. The video decoding method comprises an error 
25 detection step, a packet partitioning step and a video decoding step. In 
the error detection step, whether or not an error has occurred to each of 
the packets is judged and a judgment signal indicating the result of the 
judgment is generated. In the packet partitioning step, the packet after 
the error detection of the error detection step is partitioned into the coded 
30 block data units, while an address signal, indicating addresses of blocks 



n 



that have been contained in the packets to which the errors have occurred, 
is generated. In the video decoding step, the coded block data units are 
successively decoded in order to generate a decoded video signal 
containing block data units obtained by the decoding of the coded block 
5 data units. The video decoding step includes a frame memory storage 
step, a block data decoding step, a second invalid block concealment step, 
a second invalid block judgment step and a third invalid block 
concealment step. In the frame memory storage step, the block data 
units of previously decoded frames and the block data units of a currently 
10 decoded frame are stored in a frame memory means. In the block data 
^ decoding step, the coded block data units are successively decoded and 
%0 thereby the block data units as the result of the decoding are obtained, 
^ while an address signal, indicating addresses of blocks which could not be 
P decoded normally due to errors contained in the coded block data, is 
fjL5 generated. In the second invalid block concealment step, a concealment 
s process is conducted for the block data units corresponding to the 
TJ addresses indicated by the address signal generated in the block data 
decoding step. In the second invalid block judgment step, it is judged 
q whether or not each block data unit obtained by the concealment process 
20 in the second invalid block concealment step is an invalid block whose 
pixel values are inadequate, based on pixel values of adjacent blocks. In 
the third invalid block concealment step, a concealment process is 
conducted for the block data units which have been judged in the second 
invalid block judgment step as invalid blocks. 
25 In accordance with a thirty-sixth aspect of the present invention, 

in the thirty-fifth aspect, in the error detection step, the judgment for 
each packet is conducted by use of error detection code which has been 
contained in the packet. 

In accordance with a thirty-seventh aspect of the present 
30 invention, in the thirty-fifth aspect, in the block data decoding step, the 
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decoding of the coded block data units is conducted by use of block data 
units of the previous frame which have been stored in the frame memory 
means. 

In accordance with a thirty-eighth aspect of the present 
5 invention, in the thirty-fifth aspect, the second invalid block judgment 
step includes a judgment value calculation step, a first comparison step, a 
flag increment step and a second comparison step. In the judgment 
value calculation step, a judgment value concerning pixel value variation 
is calculated with regard to each pixel in the block designated by the 
10 address signal generated in the packet partitioning step, by referring to 
^ pixel values of the designated block and/or pixel values of adjacent blocks. 
* In the first comparison step, the judgment value with regard to each pixel 
=p calculated in the judgment value calculation step is successively 
B compared with a first threshold value, and a comparison result signal 
{WL5 with regard to each pixel is successively generated. In the flag 
!\. increment step, a flag which is stored in a flag storage means is 
[4 successively incremented depending on the comparison result signal with 
M regard to each pixel. In the second comparison step, the value of the flag 
B is compared with a second threshold value. 
20 In accordance with a thirty-ninth aspect of the present invention, 

in the thirty-fifth aspect, the concealment process in the second invalid 
block concealment step is conducted by means of the inter-frame 
concealment process, and the concealment process in the third invalid 
block concealment step is conducted by means of the intra-frame 
25 concealment process. 

In accordance with a fortieth aspect of the present invention, in 
the thirty-fifth aspect, the video decoding method is applied to cases 
where the packets are TCP packets, UDP packets or ATM cells. 

In accordance with forty-first through sixtieth aspects of the 
30 present invention, there are provided machine-readable record mediums 
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storing programs for instructing an MPU (Microprocessor Unit) etc. to 
execute the video decoding methods of the twenty-first through fortieth 
aspects of the present invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention will become 
more apparent from the consideration of the following detailed 
description taken in conjunction with the accompanying drawings, in 
which: 

10 Fig.l is a block diagram showing a first conventional video 

„ decoding device which executes video decoding employing a first error 
y3 detection method, in which error detection is conducted based on video 
=p decoding status or based on decoded video data; 

p Fig.2 is a block diagram showing a second conventional video 

j^l5 decoding device which executes video decoding employing a second error 
5 detection method, in which error detection is conducted by use of error 

nJ detection code which has been contained in the coded video signal; 
M Fig. 3 is a block diagram showing a video decoding device in 

p accordance with a first embodiment of the present invention; 
20 Fig. 4 is a schematic diagram showing pixels of a block as an 

object of a concealment process and pixels around the block; 

Fig. 5 is a block diagram showing an example of the composition 

of a first invalid block judgment section of the video decoding device of 

Fig.3; 

25 Fig. 6 is a block diagram showing a video decoding device in 

accordance with a second embodiment of the present invention; and 

Fig. 7 is a block diagram showing a video decoding device in 
accordance with a third embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, a description will be given in 
detail of preferred embodiments in accordance with the present invention. 

Fig. 3 is a block diagram showing a video decoding device in 
accordance with a first embodiment of the present invention. 

Referring to Fig. 3, the video decoding device of the first 
embodiment includes an error detection section 101, a packet partitioning 
section 102, a video decoding section 103, a first invalid block judgment 
section 104 and a first invalid block concealment section 105. The video 
decoding section 103 includes a block data decoding section 106, a frame 
memory 107 and a second invalid block concealment section 108. 

The above components of the video decoding device can be 
implemented by, for example, a microprocessor unit which is composed of 
a CPU (Central Processing Unit), ROM (Read Only Memory), RAM 
(Random Access Memory), etc., and appropriate software. Such software 
for realizing the operation of the video decoding device is stored in one or 
more record mediums. 

The error detection section 101 of the video decoding device 
receives a coded video signal (input signal) 1000. The coded video signal 
1000 is transferred to the error detection section 101 in the form of a 
packet (TCP (Transmission Control Protocol) packet, UDP (User 
Datagram Protocol) packet, ATM (Asynchronous Transfer Mode) cell, etc.) 
containing a plurality of (10, for example) coded block data units. Each 
coded block data unit has been generated by a video encoding device by 
encoding (compressing) a pixel block (an encoding unit of the video signal) 
of a frame according to MPEGl, MPEG2, MPEG4, H.261, H.263, etc. 
The coded video signal 1000 (packet) supplied to the error detection 
section 101 includes error detection code such as CRC (Cyclic Redundancy 
Check). The error detection section 101 judges whether or not an error 
has occurred to each packet by use of the error detection code contained in 





the packet, and sends a judgment signal 1002 (indicating the result of the 
judgment) and the packet 1001 (from which the error detection code has 
been removed) to the packet partitioning section 102. 

The packet partitioning section 102 partitions the packet 1001 
5 supplied from the error detection section 101 into blocks (coded block data 
units 1003) and thereby outputs the coded block data units 1003 to the 
video decoding section 103, while referring to the judgment signal 1002 
and thereby sending address signals 1004 (indicating addresses of blocks 
to which errors might have occurred (that is, addresses of blocks 
10 contained in the packets in which errors have been detected by the error 
^ detection section 101)) to the first invalid block judgment section 104. 
tfj The video decoding section 103 receives the coded block data units 

=p 1003 from the packet partitioning section 102 and generates and outputs 
□ decoded video data 1014 as will be explained below, while storing decoded 
rj.5 video data with regard to one or a few previous frames in the frame 
memory 107. 

ru The first invalid block judgment section 104 judges whether or not 

M= each block (block data unit) that has been stored in the frame memory 
p 107 of the video decoding section 103 and that is designated by the 
20 address signal 1004 is an invalid block (that is, a block to which an error 
has occurred), and sends a judgment signal 1011 indicating the result of 
the judgment to the first invalid block concealment section 105. 
Methods which can be employed by the first invalid block judgment 
section 104 for the judgment will be explained later. 
25 The first invalid block concealment section 105 conducts a 

concealment process with regard to the blocks that have been stored in 
the frame memory 107 and that have been designated as invalid blocks by 
the judgment signal 1011 supplied from the first invalid block judgment 
section 104. The concealment process of the first invalid block 
30 concealment section 105 is conducted by means of an intra-frame 
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concealment process (using adjacent blocks in the current frame) or an 
inter-frame concealment process (using block data units of the previous 
frame). Block data units 1013 obtained by the concealment process of 
the first invalid block concealment section 105 are stored in the frame 
5 memory 107. 

In the video decoding section 103, the block data decoding section 
106 receives the coded block data unit 1003 from the packet partitioning 
section 102, decodes the coded block data unit 1003 by use of previous 
decoded block data units 1006 (decoded block data units of the previous 
10 frame) stored in the frame memory 107, and stores the decoded block data 
^ units 1005 in the frame memory 107. Incidentally, while the block data 
J3 decoding section 106 of this embodiment employs a video decoding mode 
=p in which the previous decoded block data units 1006 are used for the 
p decoding of the coded block data units 1003 (as is usual in MPEG etc.), it 
Jt*15 is also possible to let the block data decoding section 106 employ a video 
; decoding mode in which the previous decoded block data units 1006 are 

rU not used for the decoding. 

s SJ 

M In the frame memory 107, the (decoded) block data units 1005 of 

p the current frame which are currently supplied from the block data 
20 decoding section 106 and (decoded) block data units of previous frames (a 
few frames) are stored. The frame memory 107 also stores block data 
units 1013 and 1009 which are obtained by the concealment processes of 
the first invalid block concealment section 105 and the second invalid 
block concealment section 108. 
25 The second invalid block concealment section 108 receives an 

address signal 1007 (indicating addresses of invalid blocks) from the block 
data decoding section 106, and conducts concealment processes with 
regard to the blocks that have been stored in the frame memory 107 and 
that have been designated as invalid blocks by the address signal 1007 
30 supplied from the block data decoding section 106. Incidentally, the 



block data decoding section 106 judges that a block is an invalid block 
when the coded block data unit of the block is irregular data and the 
coded block data unit can not be decoded normally. The concealment 
process of the second invalid block concealment section 108 is also 
5 conducted by means of an intra-frame concealment process (using 
adjacent blocks in the current frame) or an inter-frame concealment 
process (using block data units of the previous frame). Block data units 
1009 obtained by the concealment process of the second invalid block 
concealment section 108 are stored in the frame memory 107. 
10 In the following, the intra-frame concealment process and the 

inter-frame concealment process which can be employed by the first 
invalid block concealment section 105 and the second invalid block 
concealment section 108 will be explained in detail. 

First, the intra-frame concealment process will be explained 
ill 5 referring to Fig. 4. Fig. 4 is a schematic diagram showing pixels (COO ~ 
C77) of a block as an object of the concealment process and pixels (T70 ~ 
I T77, BOO ~ B07, L07 ~ L77, R00 ~ R70) around the block. In the 
k intra-frame concealment process, pixel values of the pixels (COO ~ C77) 
j of the 8X8 object block are estimated and determined by use of pixel 
20 values of the surrounding pixels (T70 ~ T77, BOO ~ B07, L07 ~ L77, 
R00 ~ R70) as will be explained below, for example. 

If both the block on the left-hand side of the object block (left-hand 
side block) and the block on the right-hand side of the object block (right- 
hand side block) are normal blocks (blocks that are not invalid blocks), 
25 the left-adjacent pixels L07 ~ L77 and the right-adjacent pixels R00 ~ 
R70 are used for the estimation. Pixel values in the left-hand half of the 
object block (pixels COO ~ C03, C10 ~ C13, C20 ~ C23, C30 ~ C33, 
C40 ~ C43, C50 — C53, C60 — C63, C70 ~ C73) are replaced with 
the mean pixel value LM of the left-adjacent pixels L07 ~ L77, and pixel 
30 values in the right-hand half of the object block (pixels C04 ~ C07, C14 



~ C17, C24 ~ C27, C34 ~ C37, C44 ~ C47, C54 ~ C57, C64 ~ 
C67, C74 ~ C77) are replaced with the mean pixel value RM of the 
right-adjacent pixels R00 ~ R70. 

If the left-hand side block or the right-hand side block is an invalid 
5 block, the top-adjacent pixels T70 ~ T77 and the bottom-adjacent pixels 
BOO ~ B07 are used for the estimation. Pixel values in the upper half 
of the object block (pixels COO ~ C37) are replaced with the mean pixel 
value TM of the top-adjacent pixels T70 ~ T77, and pixel values in the 
lower half of the object block (pixels C40 ~ C77) are replaced with the 
10 mean pixel value BM of the bottom-adjacent pixels BOO ~ B07. 
^ In this case, if the top-adjacent block or the bottom-adjacent block 

is an invalid block, pixels of one of the blocks that is not the invalid block 
=p is used for the estimation. Concretely, when the bottom-adjacent block is 
p an invalid block, the pixel values of the object block (pixels COO ~ C77) 
f f |15 are replaced with the mean pixel value TM of the top-adjacent pixels T70 
= ~ T77. When the top-adjacent block is an invalid block, the pixel values 

~=fs 

fU of the object block (pixels COO ~ C77) are replaced with the mean pixel 
M value BM of the bottom-adjacent pixels BOO ~ B07. 

p In this case, if both the top-adjacent block and the bottom-adjacent 

20 block are invalid blocks, the pixel values of the object block (pixels COO ~ 
C77) are replaced with a predetermined pixel value. 

Incidentally, while the above explanation for the intra-frame 
concealment process was given taking an 8 X 8 block (including 8x8 
pixels) as an example, the intra-frame concealment process can also be 
25 conducted similarly for blocks of other sizes (16 X 16 etc.). 

As other methods for the intra-frame concealment process, the 
pixel values of the object block can be estimated by extracting outlines 
(edges) from the images of adjacent blocks and extending the outlines to 
the object block. It is also possible to estimate the pixel value 
30 distribution of the object block as a linear combination of basis functions 
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based on pixel value distribution of adjacent blocks, as disclosed in P. 
Salama et al. "ABayesian approach to error concealment in encoded video 
streams", ICIP (International Conference of Image Processing) '96 (1996). 
On the other hand, in the inter-frame concealment process, pixel 
5 values of the object block are estimated by use of pixel values of an 
appropriate block in the previous frame. The appropriate block in the 
previous frame can be a block at the same position as the object block, or a 
block at a position that is determined by motion compensation prediction. 



10 concealment process explained above can be employed by the first invalid 
block concealment section 105 and the second invalid block concealment 



*y section 108. 

45 In the following, the operation of the first invalid block judgment 

p section 104 will be explained in detail referring to Fig. 5. Fig. 5 is a block 
rjj.5 diagram showing an example of the composition of the first invalid block 
f judgment section 104. 

[U The first invalid block judgment section 104 shown in Fig.5 

M= includes a judgment value calculation section 109, a first comparison 
p section 110, a second comparison section 112 and a memory 111. The 
20 judgment value calculation section 109 receives the address signal 1004 
from the packet partitioning section 102 and calculates a judgment value 
to be used for the judgment on whether the block designated by the 
address signal 1004 is an invalid block or not, by referring to pixel values 
of the designated block and/or pixel values 1010 of adjacent blocks. The 
25 first comparison section 110 compares the judgment value calculated by 
the judgment value calculation section 109 with a predetermined 
threshold value and outputs a comparison result signal 1016 to the 
memory 111. The memory 111 stores a flag indicating the comparison 
results of the first comparison section 110. The second comparison 
30 section 112 compares the flag value of the memory 111 with a 



Both the intra-frame concealment process and the inter-frame 
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predetermined threshold value. 

The first invalid block judgment section 104 conducts the invalid 
block judgment process as described hereafter referring to Fig.4. 
Referring to Fig.4, the judgment value calculation section 109 calculates 
5 the absolute values of pixel value differences on the edge of the 
designated block: IC00-T70I, [C01-T71I, • • I COO - L07 1 as the 
judgment values, and outputs the judgment values to the first comparison 
section 110. 

The first comparison section 110 compares the judgment values 
10 with a threshold value THl. If the judgment value is larger than the 
^ threshold value THl, the first comparison section 110 judges that the two 
uj pixel values on the edge of the designated block are discontinuous and 

increments the flag which is stored in the memory 111. 
q When the comparison process for all the judgment values is 

Hj. 5 finished, the second comparison section 112 compares the flag value of the 
f memory 111 with a threshold value TH2. If the flag value is larger than 
fu the threshold value TH2, the second comparison section 112 judges that 
U the discontinuity on the edge of the designated block is high, and thus 

set 

g regards the designated block as an invalid block. 

20 The invalid block judgment process can also be executed by other 

methods. For example, the discontinuity in pixel value variation in a 
block can be estimated based on the absolute values of the differences of 
pixel value variations on the edge of the block and the sum of the absolute 
values (as disclosed in "A study on error detection for video decoding 

25 based on the continuity of image signal 11 , PCSJ (Picture Coding 
Symposium of Japan) '98, P-3.03 (1998)), or based on the discontinuity of 
a statistical distribution (as disclosed in International Publication 
No.WO95/03674), or based on the discontinuity of pixel distribution (pixel 
value distribution) (such as outlines) in the block. 

30 The video decoding device of the first embodiment is designed to 
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reduce the deterioration of the video signal even when the coded video 
signal 1000 is transferred through a transmission line of low line quality, 
by detecting the error points of the video signal efficiently. 

In order to attain the above objects, the first invalid block 
5 judgment section 104 refers to the address signal 1004 (indicating an 
error area (blocks) corresponding to the packet to which an error 
occurred) and conducts the invalid block judgment process with regard to 
the blocks in the error area only. Therefore, the invalid blocks can be 
found out efficiently, without the need of enormous throughput of the first 
10 invalid block judgment section 104. 
_ For instance, when the error occurs on the transmission line with a 

=J3 probability of 1/10000, the load on the first invalid block judgment section 
jj 104 becomes 0.05 % of that on the invalid block judgment section 203 of 
q the conventional video decoding device of Fig.l (according to an 

El5 experiment conducted by the present inventor). In the invalid block 

y] 

2 judgment process, the comparison with the threshold value has to be done 

J 5_ 

r ' 

fy with regard to all the pixels on the edge of the blocks. Therefore, by 
Li conducting the invalid block judgment process with regard to the error 
g areas (blocks) only, the load on the first invalid block judgment section 
20 104 can be reduced remarkably. 

In the conventional video decoding device of Fig. 1 which employing 
the first error detection method, the invalid block judgment section 203 
conducts the invalid block judgment process also with regard to normally 
decoded blocks, and thus there was a possibility of misjudgment 
25 depending on pixel distribution (pixel value distribution) of the original 
image. 

On the other hand, in the video decoding device of the first 
embodiment, the object of the invalid block judgment process is limited to 
the blocks to which errors might have occurred (that is, blocks which were 
30 contained in the packets in which errors have been detected by the error 





detection section 101), thereby the possibility of the above misjudgment is 
reduced to a very low level. 

In the conventional video decoding device of Fig. 2 in which the 
invalid block judgment process is conducted by use of the error detection 
5 code only, the concealment process is conducted to all the blocks that were 
contained in the packets in which errors have been detected by the error 
detection section 301 by use of the error detection code, and thus the 
possibility of wasteful concealment processes for normal blocks was high. 
In order to conduct the invalid block judgment process perfectly by use of 
10 the error detection code only and to eliminate the wasteful concealment 
^ processes, the error detection code has to be provided to every block and 
y3 thereby the encoding efficiency is necessitated to be decreased much. 

On the other hand, in the video decoding device of the first 
p embodiment, the invalid block judgment process is conducted first by the 
fp{l5 error detection section 101 and thereafter by the block data decoding 
5 section 106 and the first invalid block judgment section 104 respectively. 
fU Thereafter, the concealment processes are executed by the first invalid 

i W 

u block concealment section 105 and the second invalid block concealment 
p section 108 with regard to the blocks in which errors have been detected 
20 by the first invalid block judgment section 104 and the block data 
decoding section 106 respectively. Therefore, the invalid block judgment 
process can be conducted perfectly and the wasteful concealment 
processes can be eliminated in the video decoding device of the first 
embodiment, only by providing the error detection code to each packet 
25 which contains a plurality of blocks (coded block data units). Therefore, 
the video decoding device of the first embodiment, by which the amount of 
necessary code can be reduced much, is effective especially in 
environments where the total amount of code is limited. 

Fig. 6 is a block diagram showing a video decoding device in 
30 accordance with a second embodiment of the present invention, in which 
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the same reference characters as those of Fig. 3 designate the same or 
corresponding parts to those of Fig.3 and thus repeated description 
thereof is omitted for brevity. 

The video decoding device of the second embodiment (Fig. 6) has an 
5 video decoding section 113 which is different from the video decoding 
section 103 of the video decoding device of the first embodiment (Fig.3). 
The video decoding section 113 in the second embodiment further includes 
a second invalid block judgment section 114 and a third invalid block 
concealment section 115. 
10 The block data decoding section 106 decodes the coded block data 

units 1003 supplied from the packet partitioning section 102 by use of 

a 

S previous decoded block data units 1006 (decoded block data units of the 
j* previous frame) stored in the frame memory 107 (or without using the 
^ previous decoded block data units 1006), and stores the decoded block 
jt;15 data units 1005 in the frame memory 107. The block data decoding 
s section 106 outputs the address signal 1007 (indicating addresses of 
rLJ blocks which could not be decoded normally due to errors) to the second 
\2 invalid block concealment section 108. The second invalid block 
S concealment section 108 conducts the inter-frame concealment process 
20 with regard to the invalid blocks which are designated by the address 
signal 1007, and outputs block data units 1009 obtained by the 
concealment process. 

The second invalid block judgment section 114 refers to pixel 
values of each block data unit 1009, which has been obtained by the 
25 concealment process of the second invalid block concealment section 108 
and stored in the frame memory 107, and judges whether or not 
discontinuity has occurred between the block data unit 1009 and adjacent 
blocks (invalid block judgment process). The invalid block judgment 
process of the second invalid block judgment section 114 can be executed 
30 in the same way as the invalid block judgment process of the first invalid 
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block judgment section 104, and thus repeated explanation thereof is 
omitted. 

The third invalid block concealment section 115 conducts the 
intra-frame concealment process with regard to the blocks which have 
5 been judged as invalid blocks by the second invalid block judgment 
section 114, and stores the block data units 1021 obtained by the 
concealment process in the frame memory 107. 

As described above, by the video decoding device in accordance 
with the second embodiment of the present invention, in addition to the 
10 effects of the first embodiment, even when the inter-frame concealment 
process of the second invalid block concealment section 108 could not be 

O 

yg conducted appropriately and thereby discontinuity occurred between the 
ji block data unit 1009 obtained by the inter-frame concealment process and 
g adjacent blocks, the block data unit 1009 are modified appropriately by 
jpljlS the intra-frame concealment process of the third invalid block 
f concealment section 115, thereby deteriorated blocks (invalid blocks) 

5 

PJ remaining after the concealment processes can be decreased considerably. 

in i 

LI In the second embodiment, the inter-frame concealment process, which is 
S generally more effective than the intra-frame concealment process except 
20 when motion recorded in the video signal is quick and random, is first 
conducted by the second invalid block concealment section 108, and 
thereafter the intra-frame concealment process, which is effective when 
pixel value variation in the frame is small, is conducted by the third 
invalid block concealment section 115. Therefore, the concealment 
25 process for the invalid blocks can be executed effectively making the most 
of the characteristics of the concealment methods. 

Incidentally, while the second invalid block concealment section 
108 and the third invalid block concealment section 115 of the second 
embodiment employed the inter-frame concealment process and the 
30 intra-frame concealment process respectively, it is of course possible to let 
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the second invalid block concealment section 108 and the third invalid 
block concealment section 115 conduct the intra-frame concealment 
process and the inter-frame concealment process respectively. 

Fig. 7 is a block diagram showing a video decoding device in 
5 accordance with a third embodiment of the present invention, in which 
the same reference characters as those of Fig. 6 designate the same or 
corresponding parts to those of Fig. 6 and thus repeated description 
thereof is omitted for brevity. 

In the video decoding device of Fig. 7, the first invalid block 
10 judgment section 104 and the first invalid block concealment section 105 
of the video decoding device of Fig. 6 is omitted. 
%S The video decoding device of Fig. 7 can also reduce the 

JS deterioration of the video signal due to errors more effectively in 
p comparison with the conventional video decoding device of Fig. 1. 
^ 15 Similarly to the second embodiment, even when discontinuity occurred 
2 between the block data unit 1009 obtained by the inter-frame 

[U concealment process of the second invalid block concealment section 108 
H and adjacent blocks, the block data unit 1009 are modified appropriately 
S by the intra-frame concealment process of the third invalid block 
20 concealment section 115, thereby deteriorated blocks (invalid blocks) 
remaining after the concealment processes can be decreased considerably. 

As set forth hereinabove, in the video decoding device and the 
video decoding method in accordance with the present invention, the 
error detection process (for detecting and determining points (invalid 
25 blocks) in the video signal to which errors have occurred) and the 
concealment process (for correcting pixel values at the error points and 
thereby concealing the errors) can be conducted effectively and efficiently, 
thereby the deterioration of the video signal can be eliminated even when 
errors occurred to the coded video signal due to signal transfer through a 
30 transmission line of low line quality etc. 
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While the present invention has been described with reference to 
the particular illustrative embodiments, it is not to be restricted by those 
embodiments but only by the appended claims. It is to be appreciated 
that those skilled in the art can change or modify the embodiments 
without departing from the scope and spirit of the present invention. 



